Abstract In the Glasgow University Alumni cohort, students with no siblings experienced higher respiratory disease mortality. This risk diminished after accounting for potential confounders. We did not find strong evidence of an association with all cause, coronary heart disease, stroke or stomach cancer mortality. Number of siblings is a proxy for other exposures and exploring its association with specific disease outcomes can help disentangle some of the pathways relating early life exposures to adult mortality.
Introduction
Number of siblings has been related to different health outcomes or disease risk factors in adult life [1] [2] [3] [4] [5] . In a Swedish study, having four or more siblings was positively related to poorer health in adulthood, and although there were no differences in mortality risk, only 3 years of mortality follow-up were available [6] . A study in Scotland, with longer follow-up, found that number of siblings was positively related to adult mortality risk for some specific causes of death [7] . Although potentially pointing to exposures and mechanisms linking early life factors and adult health this association has not been systematically investigated in epidemiological studies. For example, more siblings might correlate with more infections during childhood, an exposure which has been positively associated with higher stomach cancer mortality [7] and lower risk of allergy-related diseases [8] . However, greater number of siblings is strongly correlated, in most contemporary industrialized societies, with poor socioeconomic circumstances, which are associated with higher mortality for some causes of death, such as stomach cancer and haemorrhagic stroke and, less strongly, coronary heart disease [9, 10] . The objective of this study is to investigate the association between number of siblings and causespecific mortality in the Glasgow Alumni Cohort study, a cohort of former students who attended Glasgow University between 1948 and 1968, and on whom we have extensive mortality follow-up.
Detailed information on the Glasgow Alumni Cohort is available elsewhere [11] . Briefly, between 1948 and 1968, students in Glasgow University were invited to attend a health examination carried out by physicians. Information on sociodemographic characteristics, health behaviours and a medical history, were obtained through questionnaire and the physical examination included measurements of height, weight and blood pressure. A total of 11,757 men, representing about 50% of the complete male student population, participated in the study. Since 1998, approximately 85% (n = 9,933) of the male cohort has been successfully traced through the National Health Service Central Register, which provides continuous updates on the date and cause of death for members of the cohort. Only men are included in this report because of the small number of women attending university from 1948 to 1968 and the low number of deaths among women. Participants aged more than 30 years at the time of examination (n = 382), one with unknown date of censoring and 4 with missing information on the number of siblings, were excluded resulting in a total of 9,540 men. For multivariable analysis, we further excluded those with missing information on confounding variables (n = 879) resulting in 8,661 men, 1,439 deaths and 387 censored observations (participants who have given official notification of residing overseas).
Childhood socioeconomic position was assigned by coding father's occupation into a five-point scale from I (most affluent) to V (least affluent), using the Registrar General's classification, which, in this cohort, is associated with cardiovascular disease mortality [12] . Age (years), number of siblings, height (m), body mass index (BMI) (kg/m 2 ), systolic and diastolic blood pressure (mmHg), current smoking habit and occasional or regular alcohol consumption were recorded while at university. Two students with missing date of birth were assigned the median age of the students who attended the survey on the same year.
ICD9 and ICD10 codes were used to group the underlying cause of death into the following groups: CVD Cox proportional hazards models, with age as the time scale variable (therefore age-adjusted), were used to estimate the hazard ratio of overall and cause-specific mortality associated with number of siblings, adjusting for examination date, socioeconomic position and disease risk factors measured at university. The assumption of proportional hazards across exposure groups was graphically investigated with log-log plots and formally tested with the Schoenlfeld test. If the assumption was violated due to one of the confounder variables, the analysis were carried out stratifying for this variable (e.g. for CVD, CHD with smoking while at university). Continuous variables were centred to their mean value. The 1-sibling category of the explanatory variable was used as the reference level because of the higher number of observations in this category.
The distribution of number of siblings was skewed with median 1 sibling, interquartile range (IQR) from 1 to 2 siblings and overall range extending from 0 to 13 siblings. The median and spread of number of siblings was similar among students with fathers in social classes I-III (median = 1, IQR = 1, 2) whereas those with fathers in classes IV and V belonged to families with a greater median number of siblings (median = 2, IQR = 1, 3 among class IV and IQR = 1, 4 among class V).
Older students tended to have more siblings (linear trend P \ 0.001) ( Table 1) . Height, systolic and diastolic blood pressure and history of hay fever were inversely related to number of siblings (linear trend P B 0.001) whereas BMI was similar across all groups (linear trend P = 0.11). Smoking and lower parental social class were more prevalent among students with a higher number of siblings but there were no differences in alcohol consumption or history of asthma. History of bronchitis was lowest among those with two or three siblings and there was evidence of a quadratic trend (P = 0.003).
There was weak evidence that men with higher number of siblings had greater all-cause (adjusted hazard ratio (HR) for a linear trend across sibling categories = 1.02; 95% confidence interval (CI) = 0.98, 1.06), CVD (adjusted HR for linear trend = 1.04; 95%CI: 0.97 1.11) and CHD (adjusted HR linear trend = 1.02 95%CI: 0.95-1.11) mortality (Table 2) . Stroke, all cancer, lung and stomach cancer mortality were not associated with number of siblings. There was a 17% increase in the hazard of dying of prostate cancer for each additional sibling (95%CI: 0.95-1.44). Respiratory disease mortality was highest among those with no siblings (adjusted HR = 1.69, 95%CI: 0.97, 2.94) and among those with four or more siblings (adjusted HR = 1.43, 95%CI: 0.74, 2.75). There was evidence against a simple linear trend for the hazard of respiratory disease mortality (P-value for the quadratic term = 0.02). There was no association with external causes of death.
In our study, there was weak evidence that mortality risk varied according to number of siblings. Furthermore, this weak increase in risk was not confirmed for CHD or stroke mortality. Hart et al. reported a higher risk of haemorrhagic stroke with greater number of siblings [7] but in the current study there were insufficient confirmed deaths from haemorrhagic and ischemic stroke to assess these outcomes separately. We did not find a previously reported higher mortality due to stomach cancer [7] , which is thought to indicate a higher risk of infection by Helicobacter Pylori in childhood. Increasing sibling number can lead to a higher transmission rate of an infectious agent, but this may actually occur only in the presence of other risk factors, such as overcrowding. In the Glasgow cohort, generally a more homogeneously advantaged subgroup compared to the general population, although higher number of siblings was more common among families of lower socioeconomic background, there were also large families among higher socioeconomic groups among whom overcrowding is unlikely to have occurred.
Mortality risk due to respiratory diseases was highest among those with no siblings followed by those with four or more siblings, although these did not reach conventional levels of statistical significance. The increased risk among those with no siblings was attenuated, although remained present, after adjustment of disease risk factors. These results suggest that number of siblings is a proxy for early life exposures, other than smoking, that result in higher adult mortality. We previously reported an association between number of siblings and history of allergic diseases in this cohort [13] . It is unlikely that this pattern of risk is due to residual confounding of unmeasured smoking given that there was no association between number of siblings and lung cancer mortality, an outcome with a much stronger association with smoking. In addition, this population has experienced relatively homogenous favourable socioeconomic conditions in adulthood, thus reducing the impact of this important confounder in the study design.
Finally, we found some evidence of a higher risk of prostate cancer mortality with increasing number of children. Adjustment for the available variables increased, rather than diminished, the association. Although total number of siblings was not related to prostate cancer incidence, men who had five or more older siblings had a 38% higher risk of prostate cancer in a recent Swedish study [14] . The authors suggested that surveillance bias, where men with older siblings, particularly if affected by prostate cancer, would be more likely to follow medical examinations or participate in screening programs [14] . It would be interesting to see if these results can be replicated in other cohorts.
Number of siblings per se is not the exposure variable that confers an increased mortality risk. Number of siblings has been traditionally used as a proxy for two exposures, poor early life socioeconomic circumstances (in industrialized societies) and exposure to early life infections (e.g. for stomach cancer [7] and allergic diseases [13] ). These are the main pathways that are hypothesized in this manuscript. This may still be the case in younger cohorts but additional pathways could also be relevant for specific outcomes. For example, it was recently proposed that increased prostate cancer risk associated with increasing number of siblings could reflect greater medical surveillance among younger siblings of men previously diagnosed with this disease [14] .
The results presented here are based on a large cohort with a substantial follow-up. While there was enough power to investigate the most common causes of death in this population, it was limited for some specific causes of mortality, in particular, some cancers.
In summary, our study did not find strong evidence to support the hypothesis that CHD, stroke and stomach cancer mortality are associated with number of siblings. There was evidence that history of bronchitis followed a quadratic trend (P-value of the quadratic term = 0.03) Association between number of siblings and cause-specific mortality 91
However, we did find a higher risk of respiratory disease mortality among those with no siblings that cannot be fully accounted for by exposure to tobacco smoking, which diminished after adjusting for early life exposure to respiratory diseases. Thus, number of siblings is a useful variable that seems to act as a proxy of different pathways specific to different outcomes. Information from historical cohorts can help disentangle these mechanisms. CVD cardiovascular disease; CHD coronary heart disease a Adjusted for date of examination b Adjusted for date of examination, father's social class, height, body mass index, systolic blood pressure and smoking at university c There was evidence that the HR of respiratory disease followed a quadratic trend d Adjusted for date of examination, father's social class, height, body mass index, systolic blood pressure, smoking at university, history of asthma, hay fever and bronchitis at university
